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Abstract their widespread use in mainstream development technolo-
gies and industrial systems is still to come. To adhere to
Imperfection in information can be considered a cross— an unambiguous interpretation of the terms used for the
cutting concern that encompasses diverse kinds of impre-various sub—aspects of information imperfection, we'll use
cision, uncertainty or inconsistency management inside athem in the sense given in Smet’'s taxonomy described in
software system. An early consideration of the type(s) and[14]. It should be noted that this taxonomy reflects the di-
required level of imperfection handling for the system is verse concepts of imperfection in information, and not their
necessary to properly inform design, and to serve as cri- mathematical handling, so that it is relatedetarly domain
teria for choosing the appropriate mathematical model(s) modelling, that will bdater mapped to a concrete represen-
that will be implemented in the final software. In this paper, tation.

imperfection is discussed as an integral part of a concern—  mperfection in information should be addressed early in
oriented approach to requirements and domain engineer- the Jifecycle due to the specifics of uncertainty and imper-
ing, and some illustrative examples of the mapping of thesefection in conceptual modeling [2], and its impact on archi-
concerns in aspect—oriented design are also provided. tectural and implementation decisions, most notably in per-
sistence and querying [10]. In any system dealing with im-
perfection, a mathematical model (or several of them) for its
1. Introduction representation must be selected, according to the concrete
concerns stated in the requirements and domain models. To
do so, enough detail must be provided so that system tests

The separation of concernprinciple has recently been . :
P P P y could eventually be derived from them, in order to assess

applied to early stages of development like requirements . . .

engineering [15, 7, 3] and software architecture [16]. The the v_aI|d|ty of thg _representat|on chosen with regards to the

early separation of cross—cutting concerns results in im_requwed capabilities of the system.

proved localization, and eventually in improved develop-  In this paper we approach the problem of specifying in-

ment and maintenance activities. In the research literature formation imperfection in software requirements and do-

a number of examples of cross—cutting concerns are oftenMain models as cross—cutting concerns, and some examples

used for illustration purposes, or they are described whenOf mapping such concerns into aspects at the design and im-

reporting case studies. Recurring examples include, for ex-Plementation stages. The motivation of our present work is

ample, security, usability, persistence or performance. that of initiating research in Software Engineering models
The focus of this paper is that @hperfectionin infor- that are conceptually connected with the diverse mathemat-

mation as a cross—cutting system concern that is currentlyical representations of imprecision and uncertainty, help-

overlooked in many application models. Imperfection is iNg practitioners to make decisions regarding the use of the

a multifaceted concept including imprecision, uncertainty growing research results in the area. It should be noted that

and inconsistency, being classical probability a model for Our focus is modeling imperfection that will be managed in

a specific type of imperfection among many others. Cur- the final system. Previous related work, e.g. [6] has focused

rently, general and mature mathematical frameworks for ©n imperfection in the modeling process itself.

the management of imperfection are available [5], although  The rest of this paper is structured as follows. Section



2 examines how imperfection can be specified as an inte-generally, functionality), and method results in conceptual
gral part of concern—oriented requirements and domain en-models, and the latter containing classes for each type of
gineering activities, to a level of detail sufficient to inform relationship (association, generalization, etc.). Imperfect
subsequent architectural and modularization decisions. Inconceptual model elements can be expressed in the domain
Section 3, illustrative examples are given about the mappingmodel through extensions to thiViLlike the one sketched

of domain—level concerns to implementation structures. Fi- in [9]. Figure 1 depicts some of the just described elements
nally, conclusions and a future outlook are provided in Sec- and some of example relationships between them, repre-
tion 4. senting classifications asMLpackages.

2. Imperfection as a Concern in Requirements
. . . System-
and Domain Engineering imperfection

/

Domain-
Imperfection

User-Imperfection

Information imperfection usually arises at the early
stages of the development, since it pervades the descriptior
of the domain or real world situation. In fact, classical er-

. . . e . . Imprecision-Related Uncertainty-Related
ror theory that manifests in required degrees of precision in
numerical computations is just a model to deal with a facet AN 7N
of imperfection related to numerical representation and er- Fomeenent]  [roproxmatctioment
ror in measurement instruments. Probabilistic or statistical b ] b |

considerations arising, for example, in regression models
or questionnaire—based tests are just a manifestation of un-
certainty. In addition, some classes of systems work in @ {imperecterement

context that inherently entails imprecision and uncertainty, 1
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like personalized Web systems that use user’s navigation to
tailor their structure [12].
Information imperfection is a logical “matter of in-
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terest”, according to COSMOS [15] terminology.

It can be organized in severatlassifications one
for each of the principal aspects of imperfection:
Imprecision-Related , Uncertainty-Related ,
Inconsistency-Related or Hybrid Classes in-
side those categories may refer to more specific types
of imperfection according to Smet's taxonomy, e.g.
FuzzyElement refers to “imprecision without error”
without decidability as in “age is close to 30", while
PossibleElement refers to “happen-ability” as a

Figure 1. General concern dimensions related
to information imperfection

Properties as defined in COSMOS are “concerns

kind of uncertainty. In addition, imperfection manifes- that characterize other logical concerns”.  Concerns
tations can be classified iBomain-lImperfection that arise in the context of imperfection include

Userimperfection and System-Imperfection Granulation-level and Interpretability
according to the source from which the imperfection orig- The former refers to the degree of “summarization” of an
inates.  For example, inferences internal to the sys-€lement, e.g. “large pages” may be interpreted to subsume
tem may generate imperfect information from perfect in- “very—large” and “moderately large”, thus summarizing
puts. According to the kind of element in the concep- information. The latter refers to the ease of interpretation
tual model that is subject to imperfection, we can have of the information by humans, and is often considered
additional classifications, namelynperfectElement as a quality criteria in rule bases. They can be used as
andImperfectRelationship , the former containing ~ requirements constraining the design of other concerns,
classesimperfectClass , ImperfectAttribute , e.g. High-Interpretability may involve selecting
ImperfectFunction andimperfectResult which a fuzzy rule simplification algorithm at later stages for the
roughly correspond to classes, attributes, method (or morecomputation of a given conceptual model element.

1in what follows, concern—modeling concepts are taken from COS- : It should be noted that the.lmperfecuon—relatec_l concepts
MOS, in spite of th;e fact that the matter dealt with here is related to a introduced so far do notrequire understandmg nelth?r about
greater extent to domain modeling, while COSMOS is intended for earlier the Mathematical frameworks for uncertainty handling not
stages of development. about their software representation, so that they can be con-




sidered a concern in domain and requirements engineeringstudy described here is based in the adaptive technology de-
In what follows, we briefly sketch concern space analysis scribed in [11] where a rule—based system was used to adapt

with regards to imperfection for two case studies. the presentation of links (“fuzzy links”) in the courseware.
The main imperfection—-related concerns are showed in Ta-
2.1. Case Study: Market Segmentation ble 2.

Market segmentation systems provide support for the
classification of customers with the purpose of targeting
marketing strategies [17]. Market segmentation criteria are  aple 2. Example imperfection—related con-
in many cases uncertain, and the resulting subsets can bé corns in a rule—based adaptive Web system.

considered to have no sharp boundaries, specially in the new |nstances Classes/classifications
relationship marketing paradigm [13]. . Knowledge-about- SubjectivePossibleElement,
A basic model for market segmentation using the rela- Lesson System-imperfection
tionship value model in [13] will result in the classes and Imperfect-Association-Attribute
instances showed in Table 1. Fuzzy link FuzzyElement, Domain}
Imperfection, Imperfect-Class
Table 1. Example imperfection—related con- Ruley, ... Rule, ruzznyliment, | L#setr-
cerns in a basic market segmentation setting. Frﬂﬂgigg on, mpertect;
Instances Classes/classifications — .
Expected-Incremental{ SubjectiveUncertainElement, IU?er-Categorlzatlon- Unc?rtamESIerr;ent,l Fu:zyfle-
Purchases User-Imperfection, Imperfect nierence Ir?nepne;fect Cxllzsesm- mpertection,
tAttribute — -
Estimated- SubjectiveUncertainElement, ICcf>ntent—Ta|Ior|ng— ::uzznyIetment, | Sy?te{n—
Relationship-Duration | User-Imperfection, Imperfect nierence ATtFr)iirute: on, mpertecty
tAttribute —
Relationship-Value ImpreciseElement, System- ,(A:JO ntgtr;]t—Tallonng- ::uzznyIetment, | Sy?te;n-
Imperfection, ImperfectResult gonthm FrEEi:igrf on, mpertecty
Customer-Segment FuzzyElement, System- — -
: Learner-Style ObjectivePossibleElement,
Imperfection, imperfectClass ! Fuiz Element, Imperfect-Class
Customer-Similarity FuzzyElement, System- Unce);tain-CIas’s '
Imperfection, ImperfectAs:
sociation
Net-Relationship- FuzzyElement, System-
Value-Model Imperfection, ImperfectFunct
tion The knowledge a given learner is supposed to have about

a given lesson can be modeled as an association attribute, a
specialization ofmperfect-Association . The kind
Segments can be considered imperfect classes of usergf yncertainty for such knowledge levels is considered in

inferred by the system from a net value relationship model terms of epistemic possibility. Fuzzy links represent typed
that estimates the value of each customer relationship fromgemantic relationships about nodes or contents, so that the
rough estimates of increments in purchases and expected rezagueness expressed in them come from the domain being
lationship duration. Those estimates are rough pessimisticieach. Rules use fuzzy links and other model characteristics
and optimistic values obtained from experts. Customer sim-poth to infer imprecise categories of users and also to estab-
ilarity is derived from the segments and perhaps from the |ish personalized content attributes for each user or group.
analogies in purchasing behavior of a pair of customers, asRryles are elicited from experts, so that it can be considered

often interpreted in recommender systems [8]. that the source of imperfection are a special kind of users.
_ _ Content tailoring algorithms are an alternative to rules in the
2.2. Case Study: Adaptive Learning System form of predefined function that obtains imprecise person-

alization of content attributes. Learner styles are both un-

Adaptive Learning Systems are characterized by tailor- certain and imprecise, since the techniques used to obtain

ing the hypermedia structure of the learning contents to thethem, although based on recurring patterns of interaction,
knowledge and/or characteristics of the learners. The caselo not provide reliable answers.



3. Mapping Concerns of Fuzziness to Aspect— /I if required...
Oriented Design return crisp;

In this section, a number of concrete mappings of infor-
mation imperfection concerns are described for the purposey

of illustration. . .
This enables the co—existence of normal and fuzzy num-

bers in the same framework, as an option to changing pro-

3.1. Fuzzy arithmetics . . ;
gramming language support by special-purpose interfaces.

Numerical ImperfectAttribute s can be mapped
to fuzzy numbers and fuzzy arithmetics [4], irrespective
of the kind of imperfection (imprecision, uncertainty
or both) they represent. This is the case of the un-

3.2. Fuzziness in databases and queries

In almost every application, the use of specialized rep-
resentations for imperfect information result in special per-

certain E)_(pected-lncre_ment_aI-Purchases sistence requirements. In consequence, database program-
and Estimated-Relationship-Duration L : .

ming interfaces require extensions for such purpose. Con-
values that are used to compute the cretely, here we focus in orthogonal persistence interfaces
Net-Relationship-Value-Model in the mar- Y, 9 P

similar to those exposed kido 3. The extension for fuzzi-
fess of such kind of interfaces can be accomplished by
adding elements to the query syntax — as is done in [1]—
fand also by augmenting programming interfaces to deal
with the desired fuzzy modeling capabilities — e.g. as in
[10]. Aspect—oriented design can be used to extend exist-

ket segmentation case study. The design of systems dealin
with fuzzy numbers requires a library supporting them like
the Fuzzy Java Toolkit . Nonetheless, it would be
desirable that fuzzy arithmetics become an standard part o
programming language libraries, so that developers could

?l?zli?r:eusssmc?aﬁnsg %;ﬁﬁfgnigghri?}eggs'egtgirﬂtmzt;fzs t?]feing programming libraries for fuzziness without obscuring
P their original design. In what follows, we briefly sketch

behaviors of classes representing numbers. For example ) ; . :
: ; . m ign points of the extension of D&B* interf
let's consider an hypothetical extension to J&@uble some design points of the extension of @ terfaces

- . . ) ; . . for illustration purposes.
class providing arithmetic functiorfswith an interface like The core ofpsucph extensions is adding new schemata that

the following: van be made processed by the libraries by an aspect like the
) ) _ following:
public class ArithmeticDouble extends Double{
public add(Double x){ ... } public aspect FuzzyMetadataManagement
public times(Double x) ... } {
/... private DescriptorRepository globalRep;
} void around (MetadataManager m):
target(m) && call(
Fuzzy arithmetic can be modularized in aspectdrby * MetadataManager.init(..)){
troducing attributes to describe the shape of the fuzzy try{
numbers and intercepting calls tgetter methods like proceed(m);
doubleValue() to compute the appropriate defuzzifica- }catch(MetadataException e){throw e;}
tion of the triangular number, as sketched in what follows: globalRep = loadFuzzyDesRep();
m.mergeDescriptorRepository(globalRep);
public aspect FuzzyArithmetics{ }
private DescriptorRepository loadFuzzyDesRep()
/I Introduces upper and lower bounds { /I load descriptor repository.. }
/I of triangular fuzzy numbers: /...
private double ArithmeticDouble.upper; }

private double ArithmeticDouble.lower; o
Then, the extended meta—schema describing the stor-

age details of each kind of imperfect modeling concern be-

double around (ArithmeticDouble d): comes available. For example, explicit storage of mem-
target(d) && bership values of objects belonging to fuzzy classes can be
call(public double doubleValue(){ achieved through the following design, which introduces a
double crisp = proceed(d); new method in th@ersistenceBrokerlmpl class.

/I defuzzify triangular number

Shttp://access1.sun.com/jdo/
2this is actually not possible, since the class is declfired . “http://db.apache.org/ojb/




public aspect FuzzyStorageHandling{
public void PersistenceBrokerlmpl.store(
Object obj, Double m, String fuzzyClass)
throws PersistenceBrokerException {
store(obj);
storeMembership(obj, m, fuzzyClass);

...

Such aspect code could be automatically generated from

models with elements that have been specified with the
FuzzyElement and ImperfectClass model con-
cerns. In addition, the retrieval of fuzzy grades from the

allindustrial areas. In addition, théMLlanguage and its as-
sociated tools should be extended to explicitly address the
requirements of requirements and domain engineering re-
garding imperfection (preliminary work is described in [9]).
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